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DIAGNOSIS  OF  HUMAN  BRUCELLOSIS  WITH 
ELISA 


John  E.  Sippel*  N.  Ayad  Ei  -Masry 

ZoHAiR  Farid 

U.S.  Naval  Medical  Research  Unit  No.  3,  Cairo,  Egypt 

Summary  ELISA  tests  for  total  (IgG  +  IgM  +  IgA), 
IgG,  and  IgM  zaXx-Brucella  antibodies, 
which  utilised  only  commercially  available  reagents,  were 
used  to  diagnose  human  brucellosis.  Assays  for  total 
antibodies  in  sera  from  22  patients  with  confirmed  acute 
brucellosis,  1  patient  with  probable  acute  brucellosis,  and  3 
patients  with  probable  chronic  brucellosis  gave  readings  that 
were  more  than  double  those  found  in  hundreds  of  control 
sera.  All  sera  from  patients  with  acute  and  chronic  brucellosis 
had  significantly  elevated  IgG  levels.  Although  there  were  a 
few  acute  patients  with  IgM  levels  only  slightly  higher  than 
those  of  some  controls,  most  patients  with  acute  disease  could 
readily  be  differentiated  from  both  the  non-brucellosis 
patients  and  patients  with  chronic  brucellosis  by  measuring 
macroglobulins.  Both  the  IgG  and  IgM  levels  in  sera  from 
acute  patients  persisted  for  at  least  8  months.  The  results  of 
this  study  show  that  ELISA  is  an  excellent  method  for 
screening  large  populations  for  Brucella  antibodies  and  for 
differentiation  between  the  acute  and  chronic  phases  of  the 
disease. 


Introduction 

Brucellosis  is  usually  diagnosed  in  the  laboratory  by 
means  of  blood  culture  or  demonstration  of  elevated  levels  of 
humoral  antibody.  Since  blood  culture  can  take  weeks  and  is 
often  unsuccessful,  a  piositive  diagnosis  is  more  frequently 
made  serologically.  Tube  agglutination,  the  most  commonly 
used  serological  method,  is  less  than  ideal  because  it  is 
laborious,  takes  2  days,  and  can  be  falsely  negative,  owing  to 
the  presence  of  blocking  antibodies.  However,  it  can 
differentiate  immune  classes  of  specific  antibodies— IgM 
associated  with  acute  brucellosis  and  IgG  associated  with 
chronic  infections.  This  is  accomplished  by  testing  sera 
before  and  after  treatment  with  2-mercaptocthanol.‘ 


•Present  address:  Naval  Biosciences  Laboratory,  Naval  Supply  Center, 
Oakland,  Calirornia  94625,  U.S.A. 
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Complement  fixation,  anti-human-globulin  testing,  and 
radioimmunoassay  have  also  been  used  to  differentiate  IgM 
and  IgG  antibodies  in  brucellosis  patients.*  ’’  Results  of  a 
limited  study  suggested  that  specific  immunoglobulin  levels 
could  be  more  simply  determined  with  the  enzyme-linked 
immunosorbent  assay  (ELISA).*  VC’e  here  extend  the  use  of 
the  ELISA  method  to  measure  total  Brucella  antibodies  and 
IgG  and  IgM  Brucella  antibodies  in  22  patients  with  acute 
brucellosis  and  several  hundred  controls  in  Egypt. 

Patients  and  Methods 

Patients 

Sera  were  collected  from  86  patients  in  the  Abbassia  Fever 
Hospital,  Cairo,  from  January,  1980,  to  June,  1981.  22  of  the 
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patients  had  acute  brucellosis  as  determined  by  positive  blood 
culture  for  Brucella  melitemis  ( 19)  or  agglutination  titres  of  at  least 
1 : 320  with  a  clinical  presentation  compatible  with  this  disease.  Sera 
from  324  febrile  patients  not  suspected  of  having  brucellosis 
collected  in  Upper  Egypt  and  Alexandria  were  also  included  in  this 
study, 

ELISA 

The  methods  used  for  measuring  total  (i.e.,  IgG  +  IgM+  lgA)ant^- 
firu^:e//^J  antibodies  and  IgG  and  IgM  antibodies  arc  presented  in  the 
accompanying  figure.  The  reagents  were  prepared  as  described  bv 
V'oller  et  al.^  Polystyrene  microtitre  plates  were  washed  three  times 
by  flooding  for  3  minutes  with  phosphate-buffered  saline 
containing  0-05%  ‘Tween  20’.  Duplicate  reactions  were  compared 
visually,  then  the  contents  of  the  two  wells  were  combined  and 
transferred  to  tubes,  and  the  final  volume  was  brought  to  2  ml  with 
distilled  water.  Absorbence  was  read  on  a  Perkin  Elmer  spectro¬ 
photometer  model  550,  distilled  water  being  used  as  a  standard.  A 
positive  control  was  included  in  each  plate.  This  control  was 
arbitrarily  given  an  ELISA  value  of  10  and  the  other  readings  were 
adjusted  accordingly. 

Direct  Agglutination  Test 

Standard  slide  and  tube  agglutination  tests  were  carried  out  with 
febrile  antigen  (Fisher  Scientific)  according  to  methods 
recommended  by  the  manufacturer.  Tube  agglutination  was  used 
except  where  otherwise  noted. 

Results 

Tube  agglutination  titres  and  ELISA  readings  are  listed  in 
tables  I  and  ll.  Sera  from  the  22  patients  with  acute  brucellosis 
had  total  Brucella  antibody  ELISA  readings  greater  than  7, 
whereas  only  5  of  the  samples  from  the  other  387  individuals 
had  values  greater  than  3.  Similarly,  all  22  brucellosis  patients 
had  IgG  readings  greater  than  7,  whereas  control  sera  were 
generally  less  than  5.  The  IgM  data  were  more  variable,  with 
sera  from  9  brucellosis  patients  having  values  less  than  5. 
However,  only  2  of  these  had  lower  readings  than  the  highest 
IgM  values  produced  by  63  of  the  64  tested  control  sera, 

A  second  serum  specimen  was  obtained  from  8  of  the 
patients  with  acute  brucellosis  1  to  8  months  after  the  original 
specimen  was  taken.  In  sfjecimens  from  7  patients,  the 
ELISA  values  obtained  with  the  two  sera  were  similarly 
elevated.  However,  in  patient  1 6  the  readings  with  the  second 
specimen  were  elevated,  whereas  the  ELISA  values  (as  well  as 
the  agglutination  titres)  produced  with  the  admission  serum 
were  relatively  low. 

3  of  the  patients  who  did  not  have  symptoms  of  acute 
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TABLE  I-AGGLL'TINATION  TITRES.  BLOOD-Cl'LTL'RE  RESULTS, 
AND  ELISA  VALUES  IN  PATIENTS  WITH  ACUTE  BRUCELLOSIS 


Patient  no. 

Brucella 
blood  culture 

ELISA  values 

litre 

IgG  +  IgM  +  IgA 

IgG 

IgM 

1 

+ 

1280 

10-5 

8-1 

7-8 

2 

0 

640 

9-8 

9-3 

3-6 

3 

+ 

2560 

11-0 

9-7 

5-5 

4 

+ 

640 

9-1 

9-3 

4-3 

5 

+ 

80 

17-5 

10-4 

3-7 

6 

> 

320 

7-8 

10-5 

6-3 

7 

640 

9-7 

9-2 

5-8 

8 

+ 

80 

12-5 

9-9 

4-2 

9 

0 

1280 

12-5 

10-2 

9-5 

10 

+ 

2560 

9-3 

9-8 

10-0 

11 

640 

7-7 

7-6 

41 

12 

+ 

2560 

7-5 

8-0 

41 

13 

+ 

320 

7-0 

7-0 

5-7 

14 

+ 

320 

8-9 

8-5 

4-8 

15 

4- 

640 

9-9 

8-5 

7-7 

+  1  mo 

8-5 

8-3 

7-8 

16 

+ 

80 

4-8 

6-8 

2-8 

+  1  mo 

1280 

8-2 

7-5 

7-2 

17 

+ 

1280 

10-0 

100 

4-4 

+  1  mo 

2560 

9-7 

100 

4-6 

18 

0 

320 

16-3 

9-6 

5-6 

+  4  mo 

320 

16-6 

10-3 

5-1 

19 

+ 

640 

8-3 

9-9 

7-6 

*■  1  mo 

9-4 

8-9 

7-8 

20 

+ 

1280 

8-0 

10’2 

3-8 

+  8  mo 

ll-O 

8-9 

30 

21 

+ 

2560 

8-6 

I06 

9’1 

+  7  mo 

9-9 

8-9 

7-4 

22 

4 

1280 

9-9 

9-6 

60 

+  6  mo 

10-6 

11-6 

5-6 

brucellosis  had  elevated  IgG.  Patient  23  had  low-grade  fever 
and  a  history  indicative  of  chronic  brucellosis;  patient  24  had 
a  history  of  confirmed  acute  brucellosis;  and  patient  25  had 
schistosomiasis  and  Salmonella  paratyphi  A  infections  but  no 
evidence  of  brucellosis.  These  3  patients  had  agglutination 
litres  of  1 :80.  Clinical  data  were  not  available  for  patient  26, 
which  is  unfortunate  because  he  had  an  agglutination  titre  of 
1:2560  and  high  IgG  and  IgM  values,  and  most  likely  had 
acute  brucellosis. 

The  IgG  and  total  ELISA  values  for  individual  serum 
specimens  were  usually  similar,  and  those  that  had  high  IgM 
readings  always  had  high  IgG  and  total  ELISA  values.  All  of 
the  patients  with  acute  brucellosis  had  agglutination  titres  of 
at  least  1 :80,  the  median  value  being  1  ;640.  There  was  a  poor 
orrelation  between  IgM  values  and  agglutination  titres 
(r  =  0-48). 
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TABLE  l/-AririLl  TINAT10\  TITRES  AND  ELISA  VALUES  IN  FEBRILE 
PATIENl  S  NOT  SUSPECTED  OF  HAVING  ACUTE  BRUCELLOSIS 


Patient  no. 

.Agglutination  litre 

ELISA  values 

IgG  +  IgM  +  Ig-A 

IgG 

IgM 

23* 

80 

5-4 

8-4 

20 

24t 

80 

7-  5 

7-3 

31 

25+ 

80 

9-8 

8-7 

3-8 

26 

2560 

7-2 

6-7 

6-9 

27-87 

<40 

<30 

2-3S 

l-6< 

88 

40 

4-9 

ND 

ND 

89-90 

80 

<3-0 

ND 

ND 

91-249 

<20" 

<3-0 

ND 

ND 

25 1 -40V 

N’D 

<3-0 

ND 

*  ND 

ND  =  not  done, 

‘Patient  had  jlmical  symptoms  and  history  compatible  with  chronic 
brucellosis. 

f  Patient  had  clinical  symptoms  of  brucellosis  and  an  agglutination  litre  of 
1:1280  in  1968. 

4:Patient  had  Salmonella  paratyphi  A  cultured  from  the  blood  plus 
schistosomiasis. 

5Mean  value  of  2  •  range  1  •  I  -4  -  8. 

*  Mean  value  of  1 -6,  range  1-4- 3 -6 
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By  slide  agglutination. 


Discussion 

Pellerin  et  al.,*  using  an  assay  for  total  human  Brucella 
antibodies,  found  ELISA  to  be  more  effective  than  other 
methods  for  diagnosis  of  brucellosis.  With  a  similar  ELISA 
we  found  values  greater  than  7  in  all  patients  with  acute 
brucellosis,  whereas  all  but  5  of  the  almost  400  control 
patients  had  readings  below  3.  Such  differences  can  easily  be 
seen  with  the  naked  eye,  making  the  ELISA  for  total  Brucella 
antibodies  an  excellent  method  for  screening  human  sera, 
especially  in  developing  countries  where  this  disease  is  still  an 
important  public-health  problem. 

Our  data  are  also  in  general  agreement  with  the  results  of 
previous  studies  on  humoral  response  in  human  brucellosis 
which  demonstrate  that  elevated  IgM  mxi-Brucella  antibody 
levels  are  consistent  with  acute  disease,  whereas  high  IgG,  in 
the  absence  of  IgM,  suggests  a  chronic  infection. 

Magee  reported  elevated  IgM  levels  in  his  3  patients  with 
acute  brucellosis  but  in  none  of  the  sera  from  patients  with 
chronic  brucellosis  or  controls.*  We  also  found  high  IgM 
levels  exclusively  in  patients  with  acute  disease.  However, 
several  of  our  culture-positive  patients  had  IgM  values  that 
were  marginal  in  that  they  were  in  the  same  range  as  the 
highest  of  the  controls.  When  IgM  values  were  measured  at 
higher  serum  dilutions  (data  not  shown)  to  determine  if  these 


low  levels  were  due  to  a  prozonc  effect  caused  by  high 
concentrations  of  IgG  antibodies,  increases  in  the  levels  of 
IgM  immunoglobulins  could  not  be  detected.  In  Magee’s 
study,  the  acute  patient  who  had  not  been  treated  before 
hospital  admission  had  a  much  higher  IgM  value  than  the  2 
who  had  received  antibiotics.  Considering  the  overuse  of 
antibiotics  in  Egypt,’  this  could  have  been  a  factor  with  the 
IgM  levels  in  our  acute  patient  group. 

In  their  elegant  studies  on  2-mercaptoethanol 
(2-ME}-sensitive  (IgM)  and  2-ME-resistant  (IgG)  antibody 
response  to  Brucella  infections,  Reddin  et  al.’  found  that 
patients  with  aaite  disease  had  elevated  macroglobulin  and 
microglobulin  levels  but  that  there  was  a  striking  fall  in  the 
latter  within  8  months.  Although  we  also  found  elevated  IgM 
and  IgG  levels  in  our  large  groupof acute  patients,  we  did  not 
detect  a  decrease  in  either  immunoglobulin  class  of  Brucella 
antibodies  in  treated  patients  over  an  8-month  period.  Our 
data  are  also  not  in  complete  agreement  with  those  of  Parratt 
et  al.,^  who  found  that  some  patients  had  elevations  of  IgM 
Brucella  antibodies  only.  These  inconsistencies  may,  to  some 
extent,  be  due  to  differences  in  methods.  However,  they  more 
likely  reflect  differences  in  the  patient  populations  studied: 
the  2  previous  reports’’^  were  from  developed  countries, 
where  brucellosis  is  generally  diagnosed  quickly  and  treated 
with  antibiotics  for  long  periods  thereby  making  acute  and 
chronic  brucellosis  two  distina  inununological  entities.  Our 
patients,  on  the  other  hand,  were  from  the  rural  Delta  of 
Egypt,  where  immediate  diagnosis  and  adequate  treatment 
are  seldom  possible.  Many  of  the  patients  that  we  describe  as 
having  acute  baicellosis  because  of  their  clinical 
presentations  and  (in  most  instances)  positive  blood  cultures 
may  instead  have  a  long-term  illness  which  was  never 
adequately  treated  and  thus  they  would  have  immunological 
presentations  consistent  with  both  acute  and  chronic  disease. 

Only  3  subjects  had  had  high  IgG  and  low  IgM  levels  of 
Brucella  antibodies.  1  (no.  24)  had  acute  brucellosis  12  years 
previously  but  no  symptoms  currently  that  are  suggestive  of 
an  active  infeaion.  Another  (no.  23)  presented  with  a  history 
and  symptoms  that  were  consistent  with  chronic  brucellosis. 
The  third  (no.  25)  had  no  history  or  clinical  presentation 
indicative  of  brucellosis,  suggesting  that  some  chronic 
infections  are  subclinical.  A  strong  IgG  response  with  little  or 
no  IgM  antibody  production  has  also  been  reported  for 
secondary  rickettsial and  typhoid'^  infections  and  is 
probably  a  reflection  of  the  population  of  B  lymphocytes  that 
persists  after  an  active  infection.  ■ 
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